, and CO2 breathing (2) are associated with increased blood flow to the human forearm and with decreased vascular resistance primarily due to active vasodilatation. Since these procedures are associated with increased blood Pco2 and decreased blood pH it is not possible to distinguish from these studies whether or not the observed vasodilatation is due to one or the other or to both of these changes. In the present investigation studies were undertaken to determine whether the vasodilatation in the human forearm caused by CO:! breathing is due to the associated increase in blood (and tissue) PCO~ or to the decrease in pH.
METHODS

Experiments
were carried out in 10 young, healthy volunteers.
Forearm blood flow was measured by venous occlusion ple thysmography using water-filled ple thysmographs whose temperature was maintained at 33-34 C. The circulation to the hand was arrested by inflating a wrist cuff to a pressure well above the subject's systolic arterial blood pressure, A Teflon catheter was introduced into the brachial artery for arterial blood sampling, determination of arterial blood pressure, and injection of drugs. Arterial blood pressure was measured with a Statham P-23Db strain gauge. Forearm vascular resistance was calculated as the ratio of mean arterial blood pressure divided by the blood flow. Arterial blood gas tensions and pH were measured with oxygen and CO2 electrodes (9) and with a Metrohm pH meter at 37 C. The experimental procedure was as follows: After control measurements of blood flow, arterial blood pressure, and blood gas tensions and pH were made, the subjects breathed 7 % CO2 in air from a Douglas bag, through a mouthpiece and low-resistance valve. The inhalation of carbon dioxide was continued for a period of 10 min during which measurements of blood flow and blood pressure were continued.
Arterial blood was obtained every 2 min for determination of blood gas tensions and pH. Subsequently, a rest period of 20 min of room-air breathing was allowed for the effects of CO2 breathing to subside completely. Then the breathing of CO2 was repeated for another IO-min period during which the subjects received an intravenous infusion of 0.15 M solution of sodium bicarbonate at a rate which was sufficient to maintain the arterial blood pH at the level observed during room air breathing. Measurements of blood flow, arterial blood pressure, and blood gas tensions and pH were repeated as during the preceding period of CO2 breathing.
In six experiments on an equal number of subjects, the procedure was carried out as described above without pretreatment of the forearm. In another six experiments on an equal number of subjects, the forearm was pretreated with intraarterial phenoxybenzamine and propranolol to inhibit ROLES OF Pcoz AND pH IN VASODIL~4TATIQN The doses of these agents, the method of administration and the testing of the effectiveness of the blockade have been described in detail elsewhere (2).
RESULTS
As shown in Table  1 hypercapnic acidosis produced by CO2 breathing was associated with increased heart rate and mean arterial blood pressure, but with no change in the blood flow or vascular resistance of the intact forearm. These results agree with those of previous studies from our laboratory.
When CO2 breathing was repeated while at the same time the subjects received isotonic sodium bicarbonate to maintain arterial blood pH constant, the circulatory changes were not significantly different from those seen during CO2 breathing alone. The results of the present investigation show that the increased blood pressure and heart rate associated with CO2 breathing are mediated by increased blood and tissue PCO~ rather than by the associated change in pH. Similarly, the results indicate that the forearm vasodilatation associated with CO2 breathing is dependent on an increase in the blood and tissue Pcoz rather than upon the associated change in PH. These results are consistent with the findings of others who showed that the vasodilator effect of hypercapnic acidosis on cerebral (4), intestinal (6), and renal (5) blood vessels, as well as the effects of hypercapnic acidosis on heart muscle (7) are dependent on the increase in Pcos rather than on the associated decrease in pH.
Since CO2 is readily diffusible through cell membranes while bicarbonate ions cross cell membranes less readily (1, 8, lo), it might reasonably be expected that intracellular fluid pH decreased when CO2 was breathed with and without infusion of bicarbonate solution+ It is possible, therefore, that the vascular effects of CO2 might be due to decrease in intracellular pH of the smooth muscle cells of the high-resistance vessels. The lack of significant decrease in vascular resistance in the intact forearm, despite the occurrence of such decrease in the blocked extremity during COY breathing, are consistent with the generally held view that in the intact extremity the local vasodilator action of CO2 is counteracted by increased sympathetic activity as a result of generalized hypercapnia (2) +
